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Abstract 
1. A light and scanning electron microscopic study of the structure 
of epilithic diatom communities was carried out at two sites on the 
River Taff, South Wales, an upstream unpolluted site (Site 1) and a 
downstream polluted site (Site 2). 2. Community structure at the 
micro-scale revealed that, although communities at both sites were 
similar in terms of species present (similarity indices ranging be- 
tween 0.44 and 0.96), they were very different with respect to their 
physical structure. 3. The traditional approach in studying epilithic 
diatom communities ignores information relating to community 
structure. The combination of light and scanning electron mi- 
croscopy proved to be most useful for studying the epilithic diatom 
communities. 4. The examination ofcommunity succession on stone 
substrata showed that communities were highly dynamic on a weekly 
time scale, which suggests that the "age" of a substratum is a very 
important determinant of the attaching communities. A change from 
a prostate, two-dimensional community structure to an erect, three- 
dimensional community structure, and a shift from the dominance of 
epilithic diatoms to the dominance of epiphytic diatoms were noted. 
Such a change was more noticed at the polluted downstream site, 
possibly due to a higher ate of surface pre-conditioning and biofilm 
production at this site than at the unpolluted upstream site. 
Introduction 
Since ALLANSON'S (1973) pioneering work, scanning elec- 
tron microscopy (SEM) has been increasingly used in studies 
of benthic communities, e.g. DICKMAN & GOCHNAUER 
(1978), HUDON & BOURGET (1981), LAMB & LOWE (1982); 
HOAGLAND et al. (1982), KORTE & BLINN (1983); HAMILTON 
& DUTHIE (1984), LOWE et al. (1986), mainly using artificial 
substrata. Accordingly, the physical properties of these sub- 
strata may exert a significant influence on attached commu- 
nities (BAIER 1970; KORTE & BLINN 1983). Although the 
main advantage of SEM is that the physical configuration of 
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benthic communities can be visualised and three-dimension- 
al information obtained, it has a major disadvantage in that 
quantification is difficult. Quantification of benthic algal 
standing crop and biomass involves the active removal of the 
algal growth colonising the natural substrata, a basic method 
which has been used extensively. Such active removal of 
algae would inevitably destroy the community structure. 
In the present study, light microscopy of diatom commu- 
nities was combined with SEM to study the epilithic diatom 
communities on stone surfaces at various successional stages 
in the River Taff. The main objective of the present study 
was to compare the results of the light and scanning electron 
microscopy. 
Material and Methods 
Description of the River Taft 
The River Taff rises in the Mountains of Brecon Beacons, South 
Wales, at 611 m above sea level. It flows in a south-easterly direction 
draining an area of about 490 km 2 (Fig. l). The River Taft Barged 
joins the Taft on the east bank at Abercynin, while the River Cynon 
joins it on the west bank. The River Clydach joins the River Taft a 
short distance downstream ofthe River Cynon, also on the west bank 
a short distance above the falls of Berw Road. The River Rhondda, a
major tributary of the River Taft, joins the latter at Pontypridd, also 
on the west bank. The River Taff than passes through the narrow 
limestone gorge at the Taff Wells before finally flowing into the Bris- 
tol Channel at Cardiff about 57 km from its source. The River Taft 
has two major headwater tributaries, the Taft Fawr and the Taft 
Fechan, both being impounded for public water supply purposes. The 
river bed of the headwater is mainly old red sandstone, then the River 
Taft flows through a short section of carboniferous limestone and 
millstone grit into the vast area of the coal measures after Merthyr 
sequent critical-point-drying  preparation for SEM study, five oth- 
ers were scraped off following the method of DOUGLAS (1958) for 
the.identification a d counting of epilithic algae, and five others for 
chlorophyll-a estimations. Diatoms were cleaned with concentrated 
sulphuric acid (PATRICK & REIMER 1966). Chlorophyll-a was esti- 
mated according to the method of Water Research Council (1985). 
Diatoms were identified according to HUSTEDT (1930) and PATRICK 
& REIMER (1966, 1975). Other algae were identified according to 
PRESCOTT (1975). 
Quantitative comparisons between the upstream and the down- 
stream diatom communities were made by calculating a similarity 
index (SIMI) using the following equation (MclNTIRE & MOORZ 
1977): 
SIMI (a, b) = [Si = 1 (Pal' Pbl)]/[PaiPbi)] 
where: SIMI = degree of similarity between communities a and b; 
Pa~, Phi = the proportion of individuals represented by the i-th taxon 
in communities a and b, respectively; S = total number of taxa in the 
two communities. Diatoms and other algae were calculated as cells 
mm 2. 
Nutrient concentrations (phosphorus, ammonium-N, Nitrate-N 
and Silicate-Si) and suspended solids were also determined follow- 
ing the methods of the Department ofEnvironment (1972). 
Methodology 
Gravel was collected from the river bed and cut into 1 cm 3 cubes, 
heated at 110 °C for 24 h for sterilisation and then immersed in dis- 
tilled water for another 24 h and fixed on wooden plates. Ten wood- 
en plates, each containing 25 stone cubes, were fixed on the river 
bed at two sites, five at an upstream site (Site 1), and five others at a 
downstream site (Site 2) (Fig. 1). Wu et al. (1996) characterised 
Site 1 (SO005132) as having a good water quality and Site 2 
(ST171781) as having poor water quality. BOD, alkalinity, silicate- 
Si, phosphate-P, ammonia-N and nitrate-N values were lower at Site 
1 than at Site 2 (Wu et al. 1996). The planktonic and benthic algal 
populations, and chlorophyll-a contents for both communities were 
also markedly lower at Site 1 than at Site 2 (Wu et al., unpublished 
data). Site 2 is mainly polluted by sewage affluents. 
The stone cubes were recovered after incubation periods of first 
(week 1), second (week 2), third (week 3) and fourth (week 4) week 
of July 1989, corresponding tosample Nos. 1 to 4. The last batch of 
samples (sample No. 5) was left to incubate for another four months 
(month 4) until November to examine the impact of long exposure in 
the river on the epilithic algal communities. The samples were care- 
fully handled to avoid damage to the epilithon. Five cubes from each 
site were immediately fixed in 3.0% glutaraldehyde in situ for sub- Results 
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Fig. 1. Map of the River Taft showing sampling sites [redrawn from 
WILLIAMS & BROOKER (1985)]. 
Water quality 
Algal nutrients and suspended solids (Fig. 2) showed sub- 
stantial downstream increase. Flow was below 5 mBs 1 at 
both sites during July (summer) but considerably higher dur- 
ing November (succession period 4), when flows up to 
25 m3s -1 were recorded (Wu et al. 1996). 
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Fig. 2. Water quality of the study area during the study period, July 
1989 (concentrations expressed as ~ag 1 -I, except Suspended solids, in 
~g ml ~). 
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Chlorophyll-a 
Chlorophyll-a concentrations (Fig. 3) increased substantially 
between week 1 and week 4 at both sites, especially at the 
downstream Site 2. However, they declined markedly in the 
November samples, particularly at the Site 2. 
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Light microscopy (LM) 
Diatom taxonomic omposition and diatom relative abun- 
dance are given in Table 1. Species found at the upstream 
and the downstream sites were almost similar. Twenty three 
out of twenty five taxa appeared at both sites, whereas only 
ten of them were recorded occasionally. Rhoicosphenia cur- 
vata (K~)TZ) EHm, Cocconeis pediculus EHR. and Melosira 
varians AG. were consistently abundant .at both sites. C. 
pediculus was initially predominant on all cubes but its rela- 
tive abundance dropped quickly after two weeks. Communi- 
ties at both sites after four weeks were dominated by Coc- 
coneis EHR., Rhoicosphenia GRUN., Melosira AG. and Navic- 
ula BORY. 
Fig. 3. Chlorophyll-a variations at Site 1 and Site 2 during the study 
period. 
Table 2. Similarity indices (SIMI) between the diatom communities 
at Site 1 and Site 2 during the July (week 1-week 4) and November, 
1989. Numbers in parenthesis represent species at the upstream and 
downstream sites, respectively. 
Time Number of species SIMI 
July 
Week 1 9 (7, 8) 0.96 
, i Week 2 22 (16, 22) 0.44 
November Week 3 25 (22, 25) 0.95 
Week 4 23 (20, 22) 0.67 
November 5 (5, 3) 0.86 
Table 1. Relative abundance (%) of the diatom species during July (week 1-4) and November, 1989. [Site 1 data are shown in normal font, 
and Site 2 data in bold and italic font]. 
Taxa Wk 1 Wk 2 Wk 3 Wk 4 Nov. 
Achnanthes minutissima KOTZ. 
Cocconeis pediculus EHR. 
Cymbella cymbiformis (Kf2TZ.) V.H. 
C. minuta HILSE ex RBH. 
C. plvstrata (BERK.) CL. 
C. sinuata GREG. 
CycloteIla meneghiniana K~2TZ. 
Diatoma vulgare Bogy 
D. vulgare var. breve GRUN. 
D. vulgare var. linearis V.H. 
Gomphonema olivaceum (LYNGB.) KOTZ. 
G. parvulum (K~ATZ.) GRUN. 
G. truncatum EHR. 
G. truncatum var. capitatum (EHR.) PATR. 
Hannaea rcus (EHR.) PATe. 
Melosira varians AG. 
Navicula cryptocephala KOTZ. 
N. cryptocephala v r. veneta (KOTz.) RBH. 
N. lanceolata (AG.) K~TZ. 
N. tripunctata (M~3LL.) BORY 
Rhoicosphenia curvata (KOTz.) EHR. 
Synedra cus KOTz. 
S. ulna (NITZSCH.) EHm 
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Fig. 4. Variation of biomass of major 
species during the study period. (C. 
ped. = Cocconeis pediculus; C. rain. = 
Cymbella minuta; D. vul. = Diatoma 
vulgare; N. cryp. = Navicula crypto- 
cephala; N. lanc. = N. lanceolata; R. 
cur. = Rhoicosphenia curvata; C. 
men. = Cyclotella meneghiniana; M.
var. = Melosira varians). 
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The variation in population density of the dominant di- 
atoms is illustrated in Fig. 4. Their densities changed 
markedly from the beginning of the colonisation (July, week 
1) to the end of the experiment (November 1989, month 4). 
Densities were low at the end of week 1 and in the November 
sample. 
The similarity between the upstream communities and the 
downstream communities was expressed in SIMI values 
(Table 2). These values were generally high, between 0.44 to 
0.96. 
Scanning electron microscopy 
Colonisation (week 1). After an incubation of one week in 
the river, the stone cubes at the upstream site were sparsely 
covered by detritus, mineral particles and bacteria, whilst a 
large part of the stone surface was still visible (Plate I, Figs. 1 
and 2). R. curvata and C. pediculus were the initial colonis- 
ers. 
In contrast to the upstream site, colonisation at the down- 
stream site of the river appeared to be much faster. The stone 
cubes were so densely covered with detritus, mineral parti- 
cles and bacteria that the upper surface of stone was no 
longer visible (Plate I, Figs. 3 and 4). Diatoms, mainly Coc- 
coneis and Rhoicosphenia were found at this stage. • 
Succession period 1 (week 2). At this stage, the structure 
of community at the upstream site became more complicat- 
ed. Gomphonema A~. with long stalks formed a complicated 
upper storey structure (Plate I, Figs. 5 and 6). Rhoicosphenia 
and Gomphonema frustules produced alarge rosette levated 
above the substratum (Plate I, Fig. 6). Other diatoms, such as 
Cymbella A6., were entangled by the dense stalks (Plate I, 
Fig. 6). Cyclotella KOTZ. was found occasionally. Apart 
from stalked Gomphonema, pennate diatoms were the 
main components. Filament forming diatoms were not com- 
mon. " 
Communities at the downstream site developed much 
faster in terms of standing crop than those colonising stone 
surfaces at the upstream site. Filamentous diatoms, particu- 
larly Melosira, were the major components of the standing 
crop (Plate II, Figs. 8 and 10). Stalked diatoms, such as Gom- 
phonema were not as common as at the upstream site (Plate 
II, Figs. 7 and 9). 
Succession period 2 (week 3). At this stage, diatoms ac- 
cumulated as the main colonisers and became even more 
abundant at both the up- and downstream sites. 
At the upstream site, the filament-forming diatoms were 
very common (Plate II, Figs. 11 and 12), and non-filament 
forming diatoms were less dominant compared with the pre- 
vious stage. 
At the downstream site, in addition to the species found at 
the previous stage, long frustules of Synedra EHR. were 
found (Plate III, Figs. 13 and 14). Another important feature 
were the large clumps of Stigeoclonium KOTZ. with numer- 
ous branches (Plate III, Fig. 14), which extended above the 
under-storey of diatoms and formed an initial three-dimen- 
sional structure. 
Succession period 3 (week 4). At this stage, the commu- 
nities at the downstream site were well developed. Both biot- 
ic and abiotic components were abundant on the stone sur- 
faces. The most significant development was the establish- 
merit of a three-dimensional community structure. Filamen- 
tous algae and diatom stalks became important structural 
components in the communities. 
At the downstream site, colonisation by Cladophora KOTZ. 
dramatically altered the community structure. Branches ex- 
tended above the surface of the substratum (Plate III, Fig. 15) 
and were densely coated by diatoms, including Cocconeis, 
Navicula, Rhoicosphenia and Gomphonema (Plate III, Figs. 
16 and 17). Cocconeis attached to Cladophora prostately, 
while other diatoms were attached at one end and projected 
perpendicular to its surface (Plate III, Fig. 17). The mecha- 
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FIG. 5 
Plate I. SEM micrographs. Figs. 1-4. Initial colonisation of stone cubes (week 1). Figs. 5-6. Colonisation during week 2. [Abbreviations: 
Co = Cocconeis; MP = mineral particles; Na = Navicula; Cyc = Cyclotella; Rh = Rhoicosphenia; De= detritus, Me = Melosira; Ba = bacteria; 
Go = Gomphonema; Di = Diatoma; Cy = Cymbella; Sy = Synedra; EA = epiphytic algae; C1 = Cladophora; Stk = stalks; Su = substratum; Se 
= sediments; La = larvae]. 
nism for the attachment of diatoms on Cladophora ppeared 
to be the excretion of mucilaginous ubstances by algae 
and/or the entangling of stalks (Plate III, Fig. 18). Stigeocloni- 
um was also very common at this stage. The filaments grew 
above the diatom layer amongst particulate matter and were 
apparently secured by the particulate matter (Plate IV, Figs. 19 
and 20). The particulate matter could be organic matter de- 
rived from the biological activities. The exact nature of these 
particles is unknown (Plate IV, Figs. 21 and 22). 
Cladophora nd Stigeoclonium were not observed in the 
upstream communities (Site 1). At this stage, all diatoms es- 
sentially remained on the stone surface. Absence of these 
two green algal species atsite 1 restricted the development of
the three-dimensional communities and consequently all di- 
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Plate II. SEM micrographs. Figs. 7-10. Also showing colonisation during week 2. Figs. 11-12. Algal succession during week 3. 
atoms remained prostrately attached (Plate IV, Figs. 23-24). 
Succession period 4 (November). Filamentous green 
algae such as Stigeoclonium, and erect diatoms such as 
Rhoicosphenia, were relatively abundant in the communities 
(Plate V, Figs. 25 and 26). A large quantity of highly struc- 
tured particles were observed on the stone surfaces. The na- 
ture of these particles is unknown, possibly CaCO3. 
At the downstream site, Cladophora had disappeared 
from all the stone cubes. The communities on the stone sur- 
faces became relatively prostrate (Plate V, Fig. 27) and large 
filaments of diatoms were much less abundant than at previ- 
ous stages. Plate V, Fig. 28 is an enlarged boxed area shown 
on Fig. 27. Unicellular diatoms, mainly small-sized 
Rhoicosphenia and Cymbella, mixed with detritus form 
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Plate III. SEM micrographs. Figs. 13-14. Further stages of algal succession during week 3. Figs. 15-18. Algal succession during week 4. 
dense mats tightly covering the upper side of stone cubes 
(Plate V, Fig. 27). Cocconeis, Rhoicosphenia, Melosira and 
Diatoma DE CAND. were present in relatively small numbers 
(Plate V, Figs. 29 and 30). 
Discussion 
Nutrients and suspended solids showed a downstream in- 
crease. While phosphate-P was not detected in the upstream 
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sites of the River Taft, it was recorded in relatively higher 
concentration at the downstream of this river during 1989 
(Wu et al. 1996). Nitrate-N and silica-Si concentrations were 
also much lower at the upstream than downstream sites of 
the River Taft, and ammonia-N was not detected upstream, 
e.g. during July, 1989, while its concentration was markedly 
higher at the downstream sites (Wu et al. 1996). Higher 
flows, hence higher suspended solids, were also recorded at 
the downstream sites of the River Taft than at the upstream 
site (Wu et al. 1996). Similar downstream increase of nutri- 
Plate IV. Figs. 19-24. SEM micrographs. Further stages of algal succession during week 4. 
ents and suspended solids was also noted in the River Wye 
(ANTOINE & BENSON-EVANS 1988). OSBORNE et al. (1980) 
also noted a downstream increase in the nitrate-N concentra- 
tions of the River Wye. HADI (1981) also bserved a down- 
stream increase in the nitrate-N and phosphate-P concentra- 
tion in the River Usk. 
Higher chlorophyll-a concentration atSite 2 towards the 
end of weeks 3 and 4 can be attributed to the abundance of C. 
glomerata, and also Stigeoclonium, rather than the abun- 
dance of diatoms. However, the marked decline during 
November (month 4), at both sites, specially the downstream 
one is attributed to the sloughing off of the filamentous algae 
due to the high flow during October, i.e. prior to collecting 
sample No. 5, and during November 1989. 
The majority of species recorded on the stone cubes were 
identified at both sites, accordingly high similarity index val- 
ues were obtained (Table 1). A few taxa were found to domi- 
nate the standing crop of the epilithic diatom communities 
colonising stone cubes (Table 2). A similar dominance was 
also noted with regard to the epilithic algae colonising river 
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Plate V. Figs. 25-30. SEM micrographs. Colonisation during November, 1989. 
stone substrate at both sites (Wu et al., unpublished ata). 
Diatom dominance has also been reported in the planktonic, 
epilithic and epipelic algal populations of other rivers in 
Wales and elsewhere (ALLAN 1985; ANTOINE 1995; ANTOINE 
& ANTOINE 1996; ANTOINE & BENSON-EVANS 1986a, b; AN- 
TOINE et al. 1984; AYKULU 1982; HADI 1981; MOORE 1979; 
ROUND 1981). The number of species markedly increased at 
week 2 and thereafter, then declines to only 5 species in the 
November sample (Table 2). This is not surprising as the 
epilithic algal flora of the River Taft increased both by num- 
ber of species comprising the community and by their abun- 
dance between April and August, which were followed by a
decline after this period. In November 1989, more than 95% 
of the total population was represented by 8 species at both 
sites (Wu et al., unpublished). Diatom cell concentration i - 
creased markedly at the downstream site compared to the up- 
stream site (Fig. 4). The three-dimensional structure at the 
upstream site seemed to have been affected by the higher 
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water current in November, compared with the lower current 
during July. 
Results of the present study clearly indicate that, during 
the colonisation period (week 1), colonisation seemed to be 
largely a stone-surface onditioning process. The most sig- 
nificant event on the stones is the accumulation of organic 
and mineral matter. However, during the succession period 1 
(week 2) unicellular diatoms, and other algae as well, were 
the initial immigrants from the suspended algal pool. The 
settlement was probably a random process and there may 
have been little competition for nutrients and space among 
diatom and algal species due to the sparsity of cells at this 
early stage of succession. 
The initial colonisation period has been referred to by 
some authors as "pre-conditioning" (KORTE & BLIXN 1983; 
PETERSON & STEVENSON 1989). The nature of the pre-condi- 
tioning was generally described as the formation of biofilms, 
which include bacteria, fungi and organic debris (HOAGLAND 
et al. 1982; KORTE 8Z; BLINN 1983; PETERSON ~; STEVENSON 
1989). These biofilms are thought to facilitate algal colonisa- 
tion in lotic systems (PAUL et al. 1977; KORTE & BLINN 1983; 
PETERSON 8~ STEVENSON 1989). STEVENSON (1983) reported 
that covering clay tiles with a thin layer of agar to simulate a
mucilage layer enhanced iatom immigration rates. Accord- 
ing to CORFE (1970), H~RSCH & PANKRATZ (1970), GEESEY et 
al. (1978) and ANTOINE & BENSON-EVANS (1985), sessile 
bacteria re the initial colonisers of submerged surfaces and 
they probably condition these surfaces for subsequent 
colonisation by other organisms. DICKMAN 8~; GOCHNAUER 
(1978) also indicated that bacteria nd microflagellates were 
the first to colonise substrata. ANTOINE & BENSON-EVANS 
(1985) concluded that the better growth on the coarse sand- 
stone surfaces in the River Ithon (Mid Wales) may have been 
brought about by the prior growth of aquatic fungi and bacte- 
ria which provided a "mucilage pad" for adhesion and em- 
bodiment of the pennate diatoms. It is obvious that the speed 
and the extent of pre-conditioning are largely determined by 
the availability of the conditioning materials in the water col- 
umn and the import of these materials. In the present study, 
the pre-conditioning processes at the downstream site 
seemed to be much faster than at the upstream site. As organ- 
ic and mineral matter was more abundant at the polluted 
downstream site, the pre-conditioning was faster at this site 
than at the unpolluted upstream site. ANTOINE & BENSON- 
EVANS (1985) reported that in a eutrophic stream such as the 
River Ithon, one may expect he presence of aquatic fungi 
and bacterial growths on the submerged surfaces, particular- 
ly during the period of low water level and high temperature. 
The lowest flows were recorded uring the summer months 
(Wu et al. 1996) which coincided with the present study pe- 
riod. 
The functions of the pre-conditioning have been suggest- 
ed by some authors as promoting subsequent colonisation by 
providing nutrients and attachment sites. HIRSCH & 
PANKRATZ (1970) and KORTE & BLINN (1983) found that the 
pre-conditioning facilitated stability and provided certain 
growth factors conducive to the autotrophic periphyton com- 
munity. PRINGLE (1987) experimentally demonstrated that 
the sediments provided nutrients for periphyton growth. 
Benthic algal succession has been hypothesised to be a 
change from species that colonise rapidly but are not com- 
petitive with species of high competitive abilities but low 
immigrating abilities (HUDON & BOURGET 1981). According 
to STEVENSON 8~; PETERSON (1989), immigration can be an 
important process in benthic diatom accumulation and suc- 
cession on artificial and perhaps on natural substrata. Suc- 
cession in diatom species composition during colonisation of 
artificial substrata could be caused by shifts in dominance 
from species with rapid migration rates to dominance by 
species with high reproductive rates (STEVENSON 1984, 
1986; STEVENSON & PETERSON 1989). Initial colonisers tend 
to be those species which are abundant in the water column. 
MOLLER-HAECKEL (1976), STEVENSON (1983) and STEVEN- 
SON & PETERSON (1989) indicated that part of the interspecif- 
ic variation in early immigration rates can be explained by 
interspecific variation in plankton abundance. However, in- 
terspecific differences in immigration rates which cannot be 
interpreted by changes in plankton abundance indicate that 
some species have a better chance of immigrating than oth- 
ers (STEVENSON & PETERSON 1989). It has been shown in 
many studies, including the present study, that the first algal 
colonisation i evitably involves Cocconeis (HOAGLAND et al. 
1982). This agrees with JONES' (1978) finding that epilithic 
C. placentula EHR. was closely related to its abundance in 
the water column. Therefore, the first colonisers may be 
those species which have high immigrating abilities and are 
abundant in the water column. However, Cocconeis was less 
competitive and eventually became dominated by more 
competitive species, such as Gomphonema and Rhoicosphe- 
nia in the present study. Melosira was consistently abundant 
at all stages and appeared to be a species with both high im- 
migrating and competitive abilities. 
The change from prostrate, two-dimensional communi- 
ties to erect, three-dimensional communities i  considered to 
be a general phenomenon ofperiphyton colonisation of arti- 
ficial substrata (HUDON & BOURGET 1981; MILLER et al. 
1987). The change from the dominance of prostrate diatoms 
to the dominance of erect diatoms caused by the presence of 
filamentous green algae changed the community structure 
dramatically. However, this shift was confined to the down- 
stream of the river. As a consequence, the communities atthe 
upstream and downstream sites were similar in term of dom- 
inant species but their structure was totally different. 
Therefore without scanning electron microscopy, it was 
rather difficult to identify the differences between the two 
types of communities. A light microscope study with the ap- 
plication of the sampling method of DOUGLAS (1958), which 
generally attributes algal species and biomass to the environ- 
mental factors (e.g. water chemistry, current, substrata), may 
largely overlook the detailed structures and can be inappro- 
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priate in some cases. The combination of light and scanning 
electron microscopy proved to be very useful in studying the 
periphytic ommunities. According to DICKMAN ~; GOCH- 
NAUER (1978), by using SEM it was possible to observe the 
actual pattern of spatial community structure xhibited by 
the periphyton; they added that minute bacteria of less than 
0.6 gm diameter, which were beyond the resolving power of 
the light microscopy, were easily recorded in their samples. 
The SEM observations of the present study indicate that 
sediments on stone surfaces probably had an important role 
in anchoring the filamentous algae and supplying nutrients 
for the epilithic algal growth (PRINGLE 1987). Therefore, the 
abundance of the filamentous algae may be facilitated by the 
conditioning material, as well as the suitable water chemistry 
at Site 2. This is also true for the diatom assemblages. 
The adaptive advantages of diatoms growing epiphytical- 
ly on filamentous algae are numerous. The accumulation f 
sediments of the stone surfaces may limit light penetration 
and even bury the diatoms. Growing attached to filamentous 
algae can avoid such a limitation. In addition, growing on fil- 
aments can improve nutrient supply and make best use of the 
limited space to achieve maximum population density. Also, 
diatoms growing on mucilage stalks avoid light limitation 
and tend to improve nutrient supply and maximise popula- 
tion density. 
In the present study, regular examination of community 
succession revealed quick changes in the community struc- 
ture from week to week during the initial period. This sug- 
gests that the incubation time is crucial to the observed com- 
munity structure. Results derived from short incubation peri- 
ods may be more useful for identifying species with high im- 
migrating abilities than representing the mature benthic algal 
communities on naturally occurring substrata. Therefore, the 
use of temporary substrata may not be adequate for assessing 
natural epilithic communities since temporal variations of 
communities on natural substrata can be rather different 
from those on "pre-mature" artificial substrata. It has been 
pointed out by HERDER-BROUWER (1975) that the "age" of a 
substratum is of paramount importance in understanding pe- 
riphytic ommunities. 
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